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W�`m_?]�X-y$Y&XPb
W+XP{0^&Z a-XD` q-y}_?Y&X�b
h�d*z	]�Z ]«��Z c7~§��~ ·vd5b
Z ^&Z a-X
_-b
q�[\[\XE^&Y&qRa*_?` j�XPbv_?Y&X�XEV�W+XP{0^&XPi}fsd-Y�XD` XP{0^&Y&Zm{(i�Z W+d-` XR����o;�
^&Y8_?]7b
Z ^&Z d-]7b�_?]7i�]�XDc5_*^&Z a-Xg_-b
q�[\[\XE^&Y&qea*_?` j�XPb\fsd-Y�[�_?c?k

]�XE^&Zm{�i�Z W+d-` X£�DC�o;��^&Y8_?]7b
Z ^&Z d-]7bD~��2h�X�i�XPi�j7{EXPi°a*_?` j�XPb
_?Y&X�{Ed-]7b
Zmb�^&XD]5^(z	Z ^&h�^&h�d5b
X�i�XPi�j7{EXPi�Z ]�W�Y&XDa�Z d-j7b�z(d-Y&|�n ©Pp
_?]7i¢h�XD]7{EX�i�XD[\d-]7b�^&Y8_*^&XG^&h7_*^R^&h�XJf�_-{EZ ` Z ^�qwfsd-Y$W+d-`m_?Y&Zmb
XPi
r�Y&XD[�b&b�^&Y8_?h�` j�]�c�_*^�U�Ý!�2U�{D_?]wr+X}j7b
XPiT^&d�[\XP_-b
j�Y&XR^&h�X
` Z ]�XP_?Y�W+d-`m_?Y&Zmb&_*^&Z d-]7b\d?f$[�_?]�qe��^&Y8_?]7b
Z ^&Z d-]7b�Z ]£_�z	Zmi�X
XD]�XDY&c-q�Y8_?]�c-XRb
Z [Gj�` ^8_?]�XDd-j7b
` q-~
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½�¾ ¿+À;Á�E�Ç Ñ Ä&Ç8ÇRÅEÌ Ö ÅEÙ ÒEÄ¥Ê Æ
Ò*ÉsÊ ÅEË¢ÒEÆ�ÒGÌ�ÓPË�ÈEÉsÊ ÅEËwÅEÌ�ÉsÍ�Ç Ö Í�Å*É�ÅEË
Ç�Ë�Ç�Ä ÑE× ÒEÆ}Ï5Ç8Ï�Ó*È0Ç8Ï:Ì Ä
ÅEÛ¦Æ Ö Ç&ÈEÉsÄ
Ò:ÅEÌ Ö Ä
Å*É�ÅEË5ÆGÇ�Û$Ê­É¥ÉlÇ8Ï:Ì Ä
ÅEÛ
Ï*Ê Æ¥Ê Ë�ÉlÇ Ñ Ä
Ò*ÉlÇ8Ï�Ï5ÇEÓ-ÉlÇ�Ä
ÅEË5Æ0ÕFE	Ò*É�Ò�Ü-Ç�Ù Å GIHKJ�LNM)O�Ç$P°È8ÒEË�Ð
Ë�Å*É2Ü-ÇRÓPÆ&Ç8Ï�Ü-Ç&È8Ò?ÓPÆ&Ç�ÉsÍ�Ç Ö Ä
Å*É�ÅEË�Æ Ö Ç&ÈEÉsÄ
ÒGÒEÄ&Ç�Ò*ÉvÙ Å G�Ç�Ë�Ç�Ä ÑE×
È8ÅEË�É�ÒEÛ$Ê Ë�Ò*ÉlÇ8Ï�Ü × Æ
È8Ò*É¥ÉlÇ�Ä&Ç8Ï Ö Í�Å*É�ÅEË5Æ0Õ
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½�¾ ¿+ÀRQ>SUT Ö Ç�Ä¥Ê ÛJÇ�Ë�É�ÒEÙ!ÒEÆ × Û$ÛJÇ0ÉsÄ¥ÊmÇ�Æ�ÅEÌ(ÉsÄ
ÒEË5Æ¥Ê­ÉsÊ ÅEË5Æ�Ê Ë 9WVYX Î�Ü-Õ
Z+Í�Ç2Ü;ÒEË�Ï*Æ�ÛGÒEÄY[-Ç8Ï\G�Ê­ÉsÍJÏ-ÒEÆ¥Í�Ç8Ï�Ù Ê Ë�Ç�Æ�Ê Ë�Ï*Ê È8Ò*ÉlÇ�ÉsÍ�Ç�Ï5Ç Ñ Ä&Ç8Ç�ÅEÌ
Ö ÅEÙ ÒEÄ¥Ê Æ
Ò*ÉsÊ ÅEËgÒEÆ�Ï5Ç�Ä¥Ê­ÔPÇ8Ï\Ì Ä
ÅEÛ^]FÊ Ñ Õ8_PÕ2`2Å*ÉlÇRÉsÍ�Ò*É(ÉsÍ�Ç}Ü;ÒEË�Ï*Æ
ÒEÄ&Ç	ÇYT�ÉsÄ
Ò Ö ÅEÙ Ò*ÉsÊ ÅEË5Æ�Ü-Ç�Ù Å GBMaO�Ç$P�Õ
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ª�Z ^&h�Z ]�_gb
XDY&Z XPb$d?f	XEV�W+XDY&Z [\XD]5^8b}_*^}^&h�X�]�XDz b
j�W+XDY8{Ed-]�k
i�j7{0^&Z ]�ceXD` XP{0^&Y&d-]�_-{D{EXD` XDY8_*^&d-Y�U�Ý!�2U�i�XDa-d?^&XPi�^&d��5j�XPb�k
^&Z d-]7bwd?fJ^&h�Xe{Ed5b
[\Zm{�XD` XD[\XD]5^wc-XD]�XDY8_*^&Z d-]��sX-~�c7~ ^&h�X
W�Y&d-r�` XD[ d?f�d*a-XDY&W�Y&d�i�j7{0^&Z d-]�d?f:]�XDj�^&Y&d-]�k¥i�XE�+{EZ XD]5^�b�^8_*k
r�` X:[\d-` q�rFi�XD]�j�[ Zmb
d?^&d-W+XPb8�R_gb
XP_?Y8{8h¢fsd-YJU�o�Y&XPb
d-]7_?]7{EX
b�^&Y&XD]�c?^&h�` d�{D_*^&XPi�{E` d5b
X�^&d¢^&h�X�W7_?Y
^&Zm{E` X:^&h�Y&XPb
h�d-`mi�bGz2_-b
W+XDY
fsd-Y&[\XPi¶~�¤¥]w_\i�XE^8_?Z ` XPiTb�^&j7i�q:d?fvXD`m_-b�^&Zm{�W�h�d?^&d-]wb&{D_*^
k
^&XDY&Z ]�c�fsY&d-[ ¼5!%$ ¼ * $ & �5� uwd�b
j7{8hgb�^&Y&XD]�c-h5^�_-b�{Ed-]7{EXD]5^&Y8_*^&XPi
Z ]�b
d°{D_?` ` XPi('?W�q�c-[Gq�'�Y&XPb
d-]7_?]7{EXPbwz2_-b�b
XP_?Y8{8h�XPi¶~±�
r�Y&XD[�b&b�^&Y8_?h�` j�]�cR{Ed-]5^&Z ]�j�j�[�z	Z ^&h\_?]JXD]7i�W+d-Z ]5^�XD]�XDY&c-q$d?f
oP��~ ¯�uwXDx�z2_-b�j7b
XPiJ_?]7iG^&h�X	b&{D_*^
^&XDY&XPiGW�h�d?^&d-]7bvz(XDY&X	i�XEk
^&XP{0^&XPiJZ ]\�R`m_?Y&c-X(XPb&{D_?W+XEk¥b
j�W�W�Y&XPb&b
XPi}h�Z c-h�klW�j�Y&Z ^�q}c-XDY&[�_*k
]�Z j�[ i�XE^&XP{0^&d-Y8bD~*)�j�X�^&d$^&h�X�c-d�d�i\r7_-{8|�c-Y&d-j�]7iJb
j�W�W�Y&XPb�k
b
Z d-]:d?f�^&h�X�XEV�W+XDY&Z [\XD]5^8b�[\d-Y&X�^&h7_?]�³-t�:�d?f�_?` `FW�h�d?^&d-]7b
d-r7b
XDY&a-XPi\Z ]�^&h�X�Y8_?]�c-X�d?f�¬�k7o;�vuwXDx�b�^&XD[�fsY&d-[ b&{D_*^
^&XDY
k
Z ]�c�^&h�Y&d-j�c-hgY&XPb
d-]7_?]7{EXPb}��_?r+d-j�^R�-t-t�W+XDY�Zmb
d?^&d-W+X;�0~+)�j�X
^&d}^&h�X�h�Z c-h�i�XD]7b
Z ^�qJd?f¶^&h�XPb
X�W7_?Y
^&Zm_?` ` qJd*a-XDY&`m_?W�W�Z ]�cRY&XPb
d?k
]7_?]7{EXPb(d-]�` q�_?Y&d-j�]7i��?t�:�d?f�^&h�X$b&{D_*^
^&XDY&XPi�W�h�d?^&d-]7b2{D_?]

r+X}{E` XP_?Y&` q�_-b&b
Z c-]�XPi\^&d\d-Y&Z c-Z ]7_*^&X�fsY&d-[ z(XD` `¶Zmb
d-`m_*^&XPi�Y&XPb�k
d-]7_?]7{EXPbD~R�2h�XDY&XEfsd-Y&X-yF_?]¢_?]7_?` q�b
Zmb�Zmb�]�XDXPi�XPigz	h�Zm{8hgc-d�XPb
r+XDq-d-]7i�^&h�XR��^
^&Z ]�c\d?fvi�Zmb�^&Z ]7{0^,'?W+XP_?|�b-'�~v�	f­^&XDY�_J{Ed-Y&Y&XP{0k
^&Z d-]$fsd-Y�{D_-b&{D_-i�Z ]�c	[Gj�` ^&Z k¥b�^&XDW}W�h�d?^&d-]}XD[\Zmb&b
Z d-]}_	c-Y&d-j�]7i
b�^8_*^&X	i�Z W+d-` X�b�^&Y&XD]�c?^&hGfsj�]7{0^&Z d-]�{D_?]Jr+X�{Ed-]7b�^&Y&j7{0^&XPi}fsY&d-[
^&h�X�XEV�W+XDY&Z [\XD]5^8_?`7i�_*^8_Rj7b
Z ]�c}_$b�^8_?]7i�_?Y
^�j�]7i�XDY&` XDa-XD`mi�XD]�k
b
Z ^�q£fsd-Y&[\XD` Zmb
[ n o0pl~ �2h�X�Y&XPb
j�` ^&Z ]�c£b�^&Y&XD]�c?^&h°fsj�]7{0^&Z d-]
{D_?]�r+X°XEV�^&Y8_?W+d-`m_*^&XPi _-{EY&d5b&b�^&h�X°W7_?Y
^&Zm{E` X°b
XDW7_?Y8_*^&Z d-]
^&h�Y&XPb
h�d-`mi¶~��2h�Zmb:XEV�^&Y8_?W+d-`m_*^&Z d-]£{Ed-[\W7_?Y&XPb�z(XD` `�^&de^&h�X
i�Z W+d-` X	b�^&Y&XD]�c?^&hGXEV�^&Y8_?W+d-`m_*^&XPi$fsY&d-[�XEV�W+XDY&Z [\XD]5^8_?`��­�*.�/!�lk
i�_*^8_Tn �Ppl~���]�XD]�h7_?]7{EXD[\XD]5^	d?f!^&h�X$b�^&Y&XD]�c?^&h�]�XP_?Y	³�uwXDx
ZmbRd-r7b
XDY&a-XPiTZ ]�¼ * uwdT_?]7i0& �5� uwd�Y&d-j�c-h�` qTZ ]�_?c-Y&XDXD[\XD]5^
^&d�W�Y&XPi�Zm{0^&Z d-]7b(fsY&d-[ 9�·¶�	k¥{D_?`m{Ej�`m_*^&Z d-]7bRn �;pl~
â ã&ä}ç�æ�&�. ï � é&è û�1 ç�æ &�æ ��æ�
vóDü$é&è í ê7ð�
vóDê7æ32-æ���ë ù-ú æ�� ÿ � ã���� � �
ã#�����
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½�¾ ¿+À*Á�Â/E(Ê Ö ÅEÙmÇ�Æ8ÉsÄ&Ç�Ë Ñ ÉsÍ�Ì�ÓPË�ÈEÉsÊ ÅEË5Æ	Ê Ë54 9�6 4 X-6 .�VYV O�ÅJÒEÆRÏ5Ç0ÉlÇ�Ä�Ð
Û$Ê Ë�Ç8ÏTÌ Ä
ÅEÛ Ö Í�Å*É�ÅEË¢Æ
È8Ò*É¥ÉlÇ�Ä¥Ê Ë Ñ Ï-Ò*É�Ò Ø È8ÅEÄ¥Ä&Ç&ÈEÉlÇ8ÏwÌ­ÅEÄ}ÛJÓPÙ­ÉsÊ Ð
Æ8ÉlÇ Ö Ï5Ç&È8Ò × Ú�ÒEË�Ï�Ì Ä
ÅEÛ�Ë�Ó*È
ÙmÇ&ÒEÄ Ö Í�Å*É�Å�Ç
7FÇ&ÈEÉ Ø 8�9 Ë-Ú�Ï-Ò*É�Ò�É�Ò"[-Ç�Ë
Ò*É;:5ÒPÈ
Ù Ò ×�< _
=¥Õ?> Ö5Ö ÒEÄ&Ç�Ë�ÉsÙ × ÉsÍ�Ç$ÉDG�Å\Ï-Ò*É�ÒGÆ&Ç0ÉsÆ�ÒEÄ&Ç�Ê ËgÒPÈ8È8ÅEÄ�Ð
Ï-ÒEË�È0Ç¶Ê Ë}ÉsÍ�ÇFÄ&Ç Ñ Ê ÅEË$ÅEÌ7ÉsÍ�Ç Ö ÒEÄ8ÉsÊ È
ÙmÇvÇ�Û$Ê Æ¥Æ¥Ê ÅEË}ÉsÍ5Ä&Ç�Æ¥Í�ÅEÙmÏ*Æ0ÕKZ+Í�Ç
SA@�B S�Ï-Ò*É�Ò Ö ÅEÊ Ë�ÉsÆ2ÒEÄ&Ç	ÒPÔPÇ�Ä
Ò Ñ Ç8Ï�ÅPÔPÇ�Ä�Ê Ë�ÉlÇ�Ä8Ô0ÒEÙ Æ2ÅEÌK_3C#C2[-Ç$PED
Ì­ÅEÄ�ÉsÍ�ÇJÈ8ÅEÄ¥Ä&Ç&ÈEÉlÇ8Ï Ö ÅEÊ Ë�ÉsÆGÒwÉ × Ö Ê È8ÒEÙ2Ç�Ä¥Ä
ÅEÄ:Ü;ÒEÄ$Ê Æ$Æ¥Í�Å G�Ë�Ì­ÅEÄ
ÉsÍ�Ç�Ï-Ò*É�Ò Ö ÅEÊ Ë�É�Ò*É�ÉsÍ�ÇvÍ5Ê Ñ Í�Ç�Æ8É!Ç�Ë�Ç�Ä ÑE× ÕGF�Ë 4 9<O�ÅRÉsÍ�Ç�Æ8ÉsÄ&Ç�Ë Ñ ÉsÍ

Ñ ÅEÊ Ë Ñ Ê Ë�É�Å$ÉsÍ�Ç � 8IHKJ � Ð�È¥Í�ÒEË5Ë�Ç�Ù�Í�ÒEÆ	É�ÅGÜ-Ç	É�Ò"[-Ç�ËJÊ Ë�É�Å�ÒPÈ8È8Å?ÓPË�É�Õ
� é8ï í öML�N?O P � H H�QU��R .S-T UGVXW
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ó ��íEî énL�N?O P � H H�QU��R .S-T UGVXW
Y 9�o ` j#i p T l Ylrq
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�2h�X�Y&XPb
W+d-]7b
X�d?f7_*^&d-[\Zm{�]�j7{E` XDZ-^&d�W�h�d?^&d-]7b�h7_-b�_*^
^&Y8_-{0^&XPi
Z ]7{EY&XP_-b
Z ]�c�Z ]5^&XDY&XPb�^$Z ]�Y&XP{EXD]5^$q-XP_?Y8bD~J¤¥]�W7_?Y
^&Zm{Ej�`m_?YPy¶^&h�X
b�^&Y&j7{0^&j�Y&Xwd?fGi�Z W+d-` XgXEV�{EZ ^8_*^&Z d-]7b�{E` d5b
Xw^&d�^&h�Xg]�XDj�^&Y&d-]�k
b
XDW7_?Y8_*^&Z d-]£XD]�XDY&c-q£ZmbTXEV�W+XP{0^&XPi£^&d�Y&XDa-XP_?`�Z ]�fsd-Y&[�_*^&Z d-]
d-]�]�XDz�^�q�W+XPb$d?f	{Ed-` ` XP{0^&Z a-X�XEV�{EZ ^8_*^&Z d-]�[\d�i�XPb$W+d5b
Z ]�cg_
{8h7_?` ` XD]�c-XR^&d�^&h�X}^&h�XDd-Y&XE^&Zm{D_?`�i�XPb&{EY&Z W�^&Z d-]wd?fv^&h�XG]�j7{E` XP_?Y
[�_?]�q5klr+d�i�q�b
q�b�^&XD[ n o0pl~��(XPb
Zmi�XPbDy�^&h�X�i�Zmb�^&Y&Z r�j�^&Z d-]�d?f
^&h�X�i�Z W+d-` X�b�^&Y&XD]�c?^&h:_?Y&d-j�]7iJ^&h�X�]�XDj�^&Y&d-]�k¥b
XDW7_?Y8_*^&Z d-]\XD]�k
XDY&c-q�Z ]�ß7j�XD]7{EXPbGY&XP_-{0^&Z d-]eY8_*^&XPb}Z ]�b
W+XP{EZ �+{:W�Y&d�{EXPb&b
XPb}d?f
^&h�X$]�j7{E` XDd5b
q�]5^&h�XPb
Zmb	_?]7i:Zmb2^&h�XDY&XEfsd-Y&XRd?fvZ [\W+d-Y
^8_?]7{EX�fsd-Y
_-b�^&Y&d-W�h�q�b
Zm{D_?`+W�Y&d-r�` XD[�b$n �Ppl~)�Z W+d-` XEk¥b�^&Y&XD]�c?^&h¦i�Zmb�^&Y&Z r�j�^&Z d-]7b�{E` d5b
X£^&d�^&h�X°]�XDj�^&Y&d-]�k
b
XDW7_?Y8_*^&Z d-]\XD]�XDY&c-Z XPb�h7_;a-X�r+XDXD]:b�^&j7i�Z XPi\fsd-Y(d-]�` qGfsXDz�]�j�k
{E` Zmi�XPbRj�]5^&Z `�]�d*z$~��2h�X�]�XDz�r�Y&XD[�b&b�^&Y8_?h�` j�]�c:f�_-{EZ ` Z ^�q�_*^
^&h�X}U�Ý!�2U�_-{D{EXD` XDY8_*^&d-Y2d?f!^&h�X}�
� 9°d-W+XD]7b2j�W�^&h�X$W+d5b&b
Z k
r�Z ` Z ^�q\^&dJZ ]�a-XPb�^&Z c5_*^&X�i�Z W+d-` X�XEV�{EZ ^8_*^&Z d-]7b�z	Z ^&hT_Gb
XD]7b
Z ^&Z a-X
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X2b�^8_*^&XPb�r�qR^&Y8_?]7b
Z ^&Z d-]7b�fsY&d-[
h�Z c-h�XDY
kl` q�Z ]�cTb�^8_*^&XPb�Z ]�^&h�X�[\XP_-b
j�Y&XD[\XD]5^$_*^�oP��~ �:uwXDxG~
²�d*z(XDa-XDYPy(^&h�X¢fsXDXPi�Z ]�c�r+XP{Ed-[\XPb:b
[�_?` `�fsd-YTb�^8_*^&XPb:z	Z ^&h
���)�°¯�uwXDxG~
�2h�X�Y&XPi�j7{EXPi¢W7_?Y
^&Zm_?`�z	Zmi�^&h7b�� �=#%���� i�XPi�j7{EXPi¢fsY&d-[�^&h�X
�+klY8_;q�Z ]5^&XD]7b
Z ^&Z XPb�j�]7i�XDY�^&h�X\_-b&b
j�[\W�^&Z d-]�yF^&h7_*^$_?` `!^&Y8_?]�k
b
Z ^&Z d-]7b	_?Y&XRc-Y&d-j�]7i�k¥b�^8_*^&X�^&Y8_?]7b
Z ^&Z d-]7bDy7_?Y&XRb
h�d*z	]TZ ]w��Z c7~
©�~
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ÒEË5Æ¥Ê­ÉsÊ ÅEË5Æ�Ê Ë XYX :?Ä0Õ
�2h�XPb
X�Y&XPi�j7{EXPi W7_?Y
^&Zm_?`�z	Zmi�^&h7b�_?Y&X�W�Y&d-W+d-Y
^&Z d-]7_?`¢^&d
^&h�X�Y&XPi�j7{EXPi¢^&Y8_?]7b
Z ^&Z d-]�b�^&Y&XD]�c?^&h7bRd?f	i�Z W+d-` X\^&Y8_?]7b
Z ^&Z d-]7b

� �:����o;��d-Y �:�DC�o;�
�0~}�2h�XJi�Z W+d-` XEk¥b�^&Y&XD]�c?^&h¢i�Zmb�^&Y&Z r�j�^&Z d-]
Zmb�{8h7_?Y8_-{0^&XDY&Zmb
XPier�qe` Z ^
^&` X¢b�^&Y&XD]�c?^&h�r+XD` d*z¦¯�uwXDx _?]7i
fsXDz�W�Y&d-[\Z ]�XD]5^�^&Y8_?]7b
Z ^&Z d-]7b�_-{D{Ed-[\W7_?]�Z XPiGr�qG[�_?]�q$^&Y8_?]�k
b
Z ^&Z d-]7b(d?f�b
[�_?` `¶b�^&Y&XD]�c?^&hT_*^	h�Z c-h�XDY	XD]�XDY&c-Z XPbD~v�2h�X�^&Y8_?]�k
b
Z ^&Z d-]�z	Z ^&h�`m_?Y&c-XRb�^&Y&XD]�c?^&hT_*^�¬*t-»-»}|-XDx�[�_;q�r+XRY&XD`m_*^&XPi
^&d}^&h�X
	¶��� ¼�
5! ����� 
5! ��b
W�Z ]�k�ß7Z W�^&Y8_?]7b
Z ^&Z d-]�z	h�Zm{8h:Zmb�W�Y&XEki�Zm{0^&XPi�_*^g_?r+d-j�^w^&h�ZmbwXD]�XDY&c-q�r�q�b
h�XD` ` kl[\d�i�XD`G{D_?`m{Ej�`m_*k
^&Z d-]7bD~��2h�X2b
j�[�d?f�^&h�X��:����o;���Rb�^&Y&XD]�c?^&h7b¶fsd-Y�^&Y8_?]7b
Z ^&Z d-]7b
fsY&d-[ b�^8_*^&XPb�r+XE^�z(XDXD]¢¯�uwXDx�_?]7iT^&h�XGh�Z c-h�XPb�^�d-r7b
XDY&a-XPi
` XDa-XD`�Z ] *5* µ�Y�Zmb�{Ed-[\W7_?Y&XPiGz	Z ^&h\^&h�X�d-]�X	d-r�^8_?Z ]�XPiGfsd-Yv^&h�X
- �¦©?tTZmb
d?^&d-]�X�¼5!DuwdwZ ]e��Z c7~w¯�~T�2h�Zmb}b
j�[§b
XDXD[�b$^&d
Z ]7{EY&XP_-b
X�z	Z ^&h�^&h�X:Y8_*^&Z dgd?f	]�XDj�^&Y&d-]e]�j�[Gr+XDY}^&dgW�Y&d?^&d-]
]�j�[Gr+XDYPy�-�#��$~(²�d*z(XDa-XDYPy�^&h�XGb�^&j7i�q�d?fvfsj�Y
^&h�XDY�-¡��©?t
Zmb
d?^&d-]�XPb$Zmb}]�XP{EXPb&b&_?Y&qg^&dg` XP_?Y&]e_?r+d-j�^}^&h�Zmb}^&XD]7i�XD]7{Eq�d?f
i�Z W+d-` XRb�^&Y&XD]�c?^&h�z	h�Zm{8h:h7_-b(Z [\W�` Zm{D_*^&Z d-]7b�fsd-Y(^&h�XRb
q�]5^&h�XEk
b
Zmb2d?f�]�j7{E` XDZ�Z ]TXEV�W�` d5b
Z a-XRb�^&XD` `m_?Y	XDa-XD]5^8b$n �Ppl~
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�(#&K��47@�C�>F.
�2h�X�W�h�d?^&d-]°r+XP_?[ d?fG^&h�X�r�Y&XD[�b&b�^&Y8_?h�` j�]�c�f�_-{EZ ` Z ^�q£_*^
U�Ý!�2U h7_-b�r+XDXD]�j7b
XPi�^&d�[\XP_-b
j�Y&X�^&h�X£b
W�Z ]^; � o
��i�Z W+d-` X;��XEV�{EZ ^8_*^&Z d-]7b�r+XE^�z(XDXD]���^&d�³�uwXDx§XEV�{EZ ^8_*^&Z d-]
XD]�XDY&c-q:Z ]w¼5!%$ ¼ * $ & �5� uwd�Z ]g_\h�Z c-hTY&XPb
d-` j�^&Z d-]�XEV�W+XDY&Z [\XD]5^P~)�j�X}^&d�^&h�XG[�_?c-Zm{\-��R©?t\]�XDj�^&Y&d-]g{Ed-]��7c-j�Y8_*^&Z d-]TZ ]w^&h�X
c-Y&d-j�]7i�b�^8_*^&X¢^&h�X�¼5!Duwd�]�j7{E` XDj7b�ZmbTb
W�h�XDY&Zm{D_?`Rz	h�XDY&XP_-b
^&h�XTd�{D{Ej�W7_*^&Z d-]�d?f�d-W+XD]�]�XDj�^&Y&d-]�b
h�XD` `mbJZ ] ¼ * $ & �5� uwd�Zmb
|�]�d*z	]�^&d�` XP_-ie^&d�i�XEfsd-Y&[\XPi�b
h7_?W+XPbTn oEpl~���]�Z ]5^&XDY&XPb�^
k
Z ]�cJ�5j�XPb�^&Z d-]�Zmb�h�d*z�^&h�X�i�Zmb�^&Y&Z r�j�^&Z d-]�d?f¶^&h�X�i�Z W+d-` X�XEV�{EZ k
^8_*^&Z d-]7b${8h7_?]�c-XPb�z	h�XD]�{Ed-]7b
Zmi�XDY&Z ]�c:^&h�Zmb$Zmb
d?^&d-W�Zm{Jb
XDY&Z XPbD~
�¦fsj�Y
^&h�XDY��5j�XPb�^&Z d-]�{Ed-]7{EXDY&]7bG^&h�Xwb
j�c-c-XPb�^&Z d-]�d?f�W+d5b&b
Z k
r�` X}·�q�c-[Gq�Y&XPb
d-]7_?]7{EXPb�fsd-Y	c-Y&d*z	Z ]�cJ]�XDj�^&Y&d-]�XEV�{EXPb&bDy�Z�~ X-~
z	h�XE^&h�XDY�^&h�X\i�Z W+d-` XEklXEV�{EZ ^8_*^&Z d-]¢b�^&Y&XD]�c?^&hgZ ]w^&h�XJa�Zm{EZ ]�Z ^�q
d?fR^&h�Xg]�XDj�^&Y&d-]�^&h�Y&XPb
h�d-`mi�Z ]7{EY&XP_-b
XPb\z	Z ^&h�^&h�Xg]�XDj�^&Y&d-]
]�j�[Gr+XDYP~
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8Ê ÒEË�G�ÊmÏ�ÉsÍ
� � _3C [-Ç$PgÊ Æ�ÓPÆ&Ç8ÏGÊ ËgÜ?Å*ÉsÍ\Ë�Ó*È
ÙmÇ�ÊsÕ2Z+Í�Ç
Æ8ÉsÄ&Ç�Ë Ñ ÉsÍTÏ*Ê Æ8ÉsÄ¥Ê�Ü-Ó-ÉsÊ ÅEË:Ê Ëw.�VYV"O�Å G�Í5Ê È¥Í�Ê Æ2Ë�Å*ÉvÆ¥Í�Å G�Ë�Í�Ç�Ä&Ç	Ê Æ
� Ó*ÒEÙ Ê­É�Ò*ÉsÊ­ÔPÇ�Ù × � ÓPÊ­ÉlÇ�Æ¥Ê Û$Ê Ù ÒEÄ�É�Å$ÉsÍ�Ç2ÅEË�Ç�Ê Ë 4 X O�Å?Õ
�2h�X�9�·¶��{Ed�i�XRn �Pp�h7_-b�r+XDXD]J_?W�W�` Z XPi}^&d�Z ]�a-XPb�^&Z c5_*^&X�z	h7_*^
^&h�X�[\XP_?]��7XD`mi�W�` j7b79�·¶�£Zmb�W�Y&XPi�Zm{0^&Z ]�c}fsd-Y�^&h�Zmb2{D_-b
X-~�¤¥]
��Z c7~2o�z(X�W�Y&XPb
XD]5^�^&h�X�{D_?`m{Ej�`m_*^&XPi ��oEk¥b�^&Y&XD]�c?^&h�i�Zmb�^&Y&Z r�j�k
^&Z d-]�fsd-YJ¼5!Duwdg_?]7i�¼ * uwd¢_-b$d-r�^8_?Z ]�XPi�fsd-YG_?]�Zmb
d*a-XP{0^&d-Y
i�Z W+d-` XEklW�` j7b�kld�{0^&j�W+d-` X\Z ]5^&XDY8_-{0^&Z d-]�~J�2h�X�b�^&Y&XD]�c?^&h�d?f�^&h�X
Y&XPb
Zmi�j7_?`?Z ]5^&XDY8_-{0^&Z d-]Rz2_-b¶{8h�d5b
XD]�^&d	��^�^&h�X�W+d5b
Z ^&Z d-]Rd?f�^&h�X
c-Zm_?]5^�i�Z W+d-` X2Y&XPb
d-]7_?]7{EX-~��2h�X	b
XD` f�{Ed-]7b
Zmb�^&XD]5^&` q}{D_?`m{Ej�`m_*^&XPi
b
h7_?W+X�d?f¶^&h�XR��Z `mb&b
d-]�W+d?^&XD]5^&Zm_?`¶{8h7_?]�c-XPb�fsY&d-[��}���w�£t
Z ]�¼5!Puwd:^&d��:��t�� oP³�.�����oP¯('GZ ]�¼ * uwd7~J�2h�X\Y&XPb
j�` ^&Z ]�c
��o$b�^&Y&XD]�c?^&h7b(fsd-j�]7i:Z ]�^&h�X\9�·¶��{D_?`m{Ej�`m_*^&Z d-]�_?Y&XRb
h�d*z	]
Z ]\��Z c\o-~v�2h�X(^&Y8_?]7b
Z ^&Z d-]Jb�^&Y&XD]�c?^&hGZ ]G^&h�X	b
W�h�XDY&Zm{D_?`�¼5!Puwd
Zmb�i�Zmb�^&Y&Z r�j�^&XPi�Z ]5^&d�_GfsXDz�b�^&Y&d-]�c\` Z ]�XPb�{Ed-Y&Y&XPb
W+d-]7i�Z ]�c}^&d
^&h�X$i�XDc-XD]�XDY8_-{EqJd?f¶^&h�X$b
W�h�XDY&Zm{D_?`Fb
h�XD` `mb(_?]7i�^&h�XDZ Y	b�^&Y&d-]�c
b
XD` XP{0^&Z d-]RY&j�` XPbFfsd-Y���o�^&Y8_?]7b
Z ^&Z d-]7bD~¶¤¥]}{Ed-]5^&Y8_-b�^PyE^&h�X�^&Y8_?]�k
b
Z ^&Z d-]�b�^&Y&XD]�c?^&heZ ] ¼ * uwd�_?W�W+XP_?Y8bGb�^&Y&d-]�c-` q¢fsY8_?c-[\XD]5^&XPi
i�j�XR^&d\^&h�X}b
h�XD` `�b
W�` Z ^
^&Z ]�c�Z ]w_\i�XEfsd-Y&[\XPi:�7XD`mi¶~

)�XE�7]�Z ]�c:^&h�XGXD]�XDY&c-q5klz(XDZ c-h5^&XPi�b
j�[ Y&j�` X)��� ���\���G��_-b
^&h�XwZ ]5^&XDc-Y8_*^&XPiF��owb�^&Y&XD]�c?^&h�j�W�^&d¢^&h�XwXD]�XDY&c-q ��y�^&h�X
Y8_*^&Z dF��� ���\���G�5#%��� ���\������� �-�g�-t�uwXDxR��_-b�_�fsj�]7{0k
^&Z d-]ed?f2^&h�X:XD]�XDY&c-q¢ZmbGb
h�d*z	]�Z ]e��Z c7~¢��~g�2h�X�fsj�]7{0^&Z d-]
��� ���\���G�5#%��� ���\������� �?��W�Y&d*a�Zmi�XPb�_�[\d-Y&XG�5j7_?]5^&Z ^8_*k
^&Z a-X$[\XP_-b
j�Y&X�d?f!^&h�XRfsY8_?c-[\XD]5^8_*^&Z d-]:XEºFXP{0^�d?f!^&h�XR^&Y8_?]7b
Z k
^&Z d-]}b�^&Y&XD]�c?^&hRd-Y&Z c-Z ]7_*^&XPi�r�q�^&h�X�b�^&Y&j7{0^&j�Y8_?`-{8h7_?]�c-X�Z ]R^&h�X
Zmb
d?^&d-W�Zm{�b
XDY&Z XPb!¼5!%$ ¼ * $ & �5� uwd7~ ¨ ]�X�]�d?^&Zm{EXPb¶^&h�X(b�^&XDW�z	Zmb
X�Z ]�k
{EY&XP_-b
XRd?fv^&h�X}Y8_*^&Z d\Z ]g¼5!Puwd�Y&XEß7XP{0^&Z ]�c�_?c5_?Z ]:^&h�XGb
W�h�XDY
k
Zm{D_?`�i�XDc-XD]�XDY8_-{Eqwz	h�Zm{8h�Zmb$[\d�i�Z �7XPi�Z ]�¼ * uwd�^&dg_�[\d-Y&X
Y&XDc-j�`m_?Y�{Ej�Y&a-X�Z ]}_-{D{Ed-Y8i�_?]7{EXvz	Z ^&hR^&h�X�[\d-Y&X�b
[\d�d?^&h$` XDa-XD`
i�XD]7b
Z ^�qJZ ]�^&h�X�i�XEfsd-Y&[\XPi�¼ * uwd}z	h�Zm{8h�Zmb�b
XDXD]�_?`mb
dRZ ]�^&h�X
Y8_*^&Z d$fsd-Y�& �5� uwd7~v�2h�X�b&_?[\X	^&XD]7i�XD]7{Eq\z2_-b�fsd-j�]7i\fsd-Y�^&h�X
_?]7_?` d-c-d-j7b(Y8_*^&Z dJd?f�^&h�X
C�o�^&Y8_?]7b
Z ^&Z d-]Tb�^&Y&XD]�c?^&h7bD~
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ÅEË5Ù × É�ÅRÒ-Ü?Å?Ó-É �'&�ÅEÌ�ÉsÍ�Ç�É�Å*É�ÒEÙ�H�� L�� Õ
��d-[\W7_?Y&Z ]�c\^&h�X
��� ����Y8_*^&Z d5b	Z ]gi�XE^8_?Z `!d-]�X$�7]7i�b	^&h7_*^
^&h�X}a*_?` j�XPb	Z ]T^&h�XGb
W�h�XDY&Zm{D_?`�{D_-b
X}_?Y&X�ß7j7{0^&j7_*^&Z ]�c�z	Z ^&hg_
`m_?Y&c-X�W+XDY&Z d�i�_?r+d-j�^G^&h�X�[\d-Y&X�b
[\d�d?^&h�XPi�a*_?` j�XPbGZ ]e^&h�X
i�XEfsd-Y&[\XPig{D_-b
X-~	¤l^$b
XDXD[�b�b
j�c-c-XPb�^&Z a-XR^&d:W+XDY
fsd-Y&[ _�b
Z [Jk
Z `m_?Y�_?]7_?` q�b
Zmb�d?f$^&h�X¢XEV�W+XDY&Z [\XD]5^8_?`�i�_*^8_�r�q�XEV�^&Y8_-{0^&Z ]�c
^&h�X$fsY8_-{0^&Z d-]7_?`U��� ���Rb	Z ]Td-Y8i�XDY(^&d�d-r�^8_?Z ]TZ ]�fsd-Y&[�_*^&Z d-]
_?r+d-j�^}^&h�X�b
h�XD` `�b�^&Y&j7{0^&j�Y&X�Z ]�^&h�X�Zmb
d?^&d-W�Zm{�b
XDY&Z XPbRz	h�Zm{8h
{D_?]�r+XT{Ed-[\W7_?Y&XPi�z	Z ^&h�^&h�XT{D_?`m{Ej�`m_*^&Z d-]�~�¤l^\ZmbJXDa�Zmi�XD]5^
^&h7_*^�fsd-Y:b
j7{8h�_�{Ed-[\W7_?Y&Zmb
d-]e^&h�XwXEV�W+XDY&Z [\XD]5^8_?`2^&Y8_?]7b
Z k
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Zmi�k
XDY8_?r�` qJY&XPi�j7{EXPi�W+XP_?|\z	Zmi�^&h:d?f!t�~ �}|-XDx°��ª£²�u®i�XD]�d?^&XPb
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k
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[\Zmb&b
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XJ_?Y&Y&Z a-XPb�_*^�^&h�XJb&_?[\W�` X
_*f­^&XDYR^&h�X�W�j�[\W�W�j�`mb
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U SEM / Volt

Ee = 14.6 MeV
( pulse repetition ratio 1:16)

noise level SEM: 80 pA
noise level FC: 68 pA
1 ms integration time
1 nA / 10 mV output
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18 µm Al target
without target

IFC / nA

Ee = 14.6 MeV

 1 nA input / 10 mV output
 ca. 3 ms integration time
 2 sec clock rate
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IFC / nA

Ee = 14.6 MeV
ca. 3 ms integration time
4 sec clock frequency
1 nA input / 10 mV output
USEM = - 15 V
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PC with PCI card,
Software: MAESTRO
(AMETEK ORTEC)
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